We present a model, in which some nodes (called interconnecting nodes) in two networks merge and play the roles in both the 
Introduction
In recent 10 years, people gradually accepted complex networks as the best description tool for complex systems. However, most of the discussed networks contain one kind of nodes with a certain interaction. We may address such networks as network layers. A complex system contains many interdependent nodes and their interactions. Therefore, we should describe a complex system by many network layers; each pair of them interacts also via some network layers [1, 2] . Some scientists expressed the idea as a network of networks [3] [4] [5] , a expressed as 1 2
where M 1 denotes the total node number of the first layer, M 2 denotes the total node number of the second layer,.
Obviously, M 1 + M 2 +m denotes the total node number of the two layers.
Empirical Investigation
We empirically investigated distributions, P(x), of all the three properties, U x (including U k , INTPD described by degree, U b , INTPD described by betweenness, and U knn , INTPD described by ANND) and NINN, n, in eight real world bilayer networks.
Among 39 (this number will be explained below) distributions, 34 can be fitted by "shifted power law (SPL)"
functions, which are expressed as [10] . If α=0, it becomes a power law; it approaches an exponential function when α→1 and x is normalized [11] . So, the function interpolates between a power law and an exponential decay. If we ignore the five exceptions (all of them are ANND distributions as will be reported below), we can denote each property distribution by two parameters, α and γ. In the following, the real world bilayer networks are labeled from 1 through 8 in increasing order of n, i.e. n 1 ≤n 2 ≤⋅⋅⋅≤n 8 .
Empirical Investigation on Chinese herb prescription-Chinese cooked dishes bilayer network (HP-CD)
Bilayer network 1: In the first layer, we define herbs as nodes; two nodes are connected by an edge if they appear in at least one common prescription [10] . The data contain 917 prescriptions and 1616 herbs. There are 23035 edges between the nodes. The data were collected from a book [12] , which collects the main ancient and present herb prescriptions. In the second layer, foods are defined as nodes, two nodes are connected if they appear in at least one common cooked dish [13] . 534 cooked dishes and 595 foods were included in the data, which were collected from another book [14] . There are 7876 edges between the nodes. The book collects the famous family applicable cooked dishes. An IN simultaneously is an herb and a food. 43 INs were found in the data. We show cumulative distributions of degree, betweenness and ANND in both the layers by six figures.
Degree, betweenness and averaged nearest neighbor degree are normalized by their maximum values, which are labeled in the figures by kmax, bmax, or knnmax, respectively, for a comparison. As can be seen, five of the distributions can be fitted by SPL functions. Only the ANND distribution in the food layer is an exception.
Empirical Investigation on Biology keyword -Physics keyword bilayer network (BK-PK)
Bilayer network 2: We define key words as nodes in both the layers. We show cumulative distributions of degree, betweenness and averaged nearest neighbor degree in both the layers by six figures. Degree, betweenness and ANND are normalized by their maximum values. All the distributions can be fitted by SPL functions. 
Empirical Investigation on

Empirical Investigation on Baker's yeast protein interaction -metabolic bilayer network (YPI-YM)
Bilayer network 4: We define proteins as nodes and physical interactions between proteins as edges in the first layer [15, 16] . The data contain 3985 proteins and 30677 edges. We define enzymes (a kind of proteins) as nodes and common biochemical compounds shared by two enzymatic reactions as edges in the second layer [17] .
The data contain 529 enzymes and 38285 edges. An IN is defined if both protein interaction and metabolic layers share the protein. 446 INs were found in the data, which were downloaded from http://www.ebi.ac.uk/intact/ and http://www.genome.jp/. 
Empirical Investigation on E.coli-K12 protein interaction -metabolic bilayer network (EPI-EM)
Bilayer network 5: The definitions and data sources are the same as in Baker's yeast protein interactionmetabolic bilayer network [15, 16, 17] . The data contain 2893 proteins, and 14009 edges in the first layer and 759 enzymes and 63035 edges in the second layer. 623 INs were found in the data 100 INs were found in the coach-airplane bilayer data. 88 INs were found in the train-airplane bilayer data. 251
INs were found in the coach-train bilayer data.
Now it is clear that we investigated eight real world bilayer systems, but there are only 13 different layers.
The three topological properties (degree, betweenness and averaged nearest neighbor degree) show 39 distributions. We show cumulative distributions of degree, betweenness and averaged nearest neighbor degree in the three layers by nine figures. Degree, betweenness and ANND are normalized by their maximum values. Eight of the distributions can be fitted by SPL functions. The only exception is ANND distribution of the coach layer. Table 1 and 2 summarize properties and parameters of all the layers and bilayer networks. 
The model and discussions
The empirical results show that, with the increasing of n, the 24 U x data (U k , U b and U knn ) basically show monotonic decreasing (see Table 2 ), which supports our central idea. However, it is impossible to extract the quantitative relationship between n and U x as well as their dependences on FD just by 24 data. We have to construct a model, which quantitatively expresses the central idea, and then compare the model simulation and analytic results with the empirical data.
We can briefly interpret the model as follows. (1) In order to make an analytic discussion, we have to simplify the model further. (1 
Input (3) into definition (2), one gets NINN as
The average of x can be calculated as 
Input (5) in the eq. U x =Δ/<x>, one obtains
Input (6) into (4), we obtain
Where A=x min /x max ,
In Fig. 2 , the two wide solid lines (green online) are drawn by (7) . The upper line is drawn with the parameter values α=1，γ=10.7，x min =1, x max =500, which give rise to the highest position of the lines within the empirical parameter range. The lower line is drawn with the parameter values α=0，γ=5，x min =1, x max =50, which give rise to the lowest position of the lines within the empirical parameter range. In Fig. 2 which give rise to the highest position within the empirical parameter range. The much larger fork, cross and triangle (red online) denote the empirical data, from system 1 to 8 with the increasing order of n. The fork, cross and triangle data denote U k , U knn and U b , respectively. One can see that, with such simple dependence functions, the analytic conclusion still show rather good agreement with the simulation and empirical results. Since the eight real world bilayer networks have been selected "randomly", the conclusion shown in Fig. 2 indicates the universality and tolerance of function details. It is common that real world networks are interdependent on each other [7, 8] . Some of the general interdependences have been theoretically and empirically investigated [1, 2, 7, 8] , however, there should be much more discoveries waiting for our further study. The research on this direction is very useful for understanding complex systems.
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